Title: EHT Constraints on Jet Launching in M87
Date: Nov 11, 2014 02:55 PM
URL.: http://pirsa.org/14110082

Abstract: <span>Because of the existence of a prominent jet, M87 provides an ideal source with which the EHT can critically test current jet
launching paradigms. The EHT has already placed weak limits on the black hole spin based on generic arguments regarding limits on the image
size. However, careful modeling of the jet structure can produce much more stringent constraints on both the black hole properties and the
mechanisms responsible for the generation of the observed radio emission. | will describe how this modeling is performed, what the remaining chief
uncertainties are and why we believe they can be controlled, and how existing EHT observations of M87 support models of electromagnetically
launched jets powered by black hole spin.</span>
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* M~6.4x10°M), D~16.9 Mpc
(cf. Kayhan Gultekin’s & Jonelle Walsh'’s talks!)

"|:~.

> A0~38uas : | B

« L~10"%Lgg4, breakingin mm

* A-dependentsize

* Short timescale variability!

| | | I I | ] [ I
Courtesy of Craig Walker

- Near horizon visible

* Super-luminal motion

(~2.3¢c at few mas, ~6c at >1") Hada et.al.

* Orientation of large-scale jet (E-W)

* Core Dominance

HST Optical
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Doeleman et al., Science, 338, 355 (2012)
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Key Differences from Sgr A* ' ‘
* No scattering! !
* Clear extended jet!
Key Similarities e
Y

* Horizon-scale structure: D~40.0 + 0.6 uas
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Doeleman et al. (2012)
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Innermost stable circular orbit 1ISCO)

Doeleman et al., Science, 338, 355 (2012)
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Innermost stable circular orbit 1ISCO)

Doeleman et al., Science, 338, 355 (2012)
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* Blanford-Znajek/Blandford-Payne:
Electromagnetic extraction of black

hole spin/disk angular momentum.
* Large-scale ordered magnetic fields
* Canonical Structure:

MHD Disk
Magnetically dominated wind

Force-free, roughly parabolic jet

McKinney & Blandford (2009)
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EHT2014

McKinney & Blandford (2009)

Jet width (Rg)
;ﬂi

F 1.3 mm VLBl measured size

’
10" ’ Lensed ISCO a=0 <

p
4

'l
1 10' 10° 10° 10*

Apparent core distance (Rg,)

Blanford-Znajek/Blandford-Payne:
Electromagnetic extraction of black

hole spin/disk angular momentum.
Large-scale ordered magnetic fields
Canonical Structure:

MHD Disk

Magnetically dominated wind

Force-free, roughly parabolic jet

Page 11/41



* Axisymmetric & Stationary
(+poloidal struc)

* Particle inertia irrelevant:

F,=pE+jxB=0

* + Boundary conditions
at disk/black hole!

Qfierg(r) and tan @ ~ —~ —~
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AEB & Loeb (2009) o Dexter, McKinney & Agol (2012)
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* Particle acceleration
smoothed over jet on EHT
tour~2/C scales!

_3 2 . .
/ Places lower limit on

density of nonthermal
electrons

* Parameterize by typical

log z :
& load radius, and conserve

thereafter.
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* Particle acceleration
smoothed over jet on EHT
tour~2/C scales!
logt
321+ Places lower limit on
density of nonthermal
electrons

* Parameterize by typical

Injected

load radius, and conserve
thereafter.
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* Structural Variables
Jet driving velcoity: Q(r) < a
Particle injection: Z;,,4

Large-scale jet mass loading: [,

Orientation: Position angle of spin
(cross-check!)

MB7 Jet
Widths

Confining disk structure:
Poloidal field line shape

* Normalizations & Distribution

Particle densities: n
Magnetic field strengths: B
Spectral index: a

EHT2014
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* Structural Variables
Jet driving velcoity: Q(r) < a
Particle injection: Z;,,4

Large-scale jet mass loading: [,

Orientation: Position angle of spin
(cross-check!)

MB7 Jet
Widths

Confining disk structure:

Poloidal field line shape T ity
C All data
* Normalizations & Distribution .| '
Particle densities: n F omine {
Magnetic field strengths: B T T e !
| + limits

Spectral index: a

EHT2014

Pirsa: 14110082 Page 20/41



Pirsa: 14110082

Load height
(close to far)

Black hole spin

.

(high to low)

.

7DEC (hrse)
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(2ey) ARL

(26y) ARL

Helical motions = Asymmetric images

Spin & Load height 2 Image compactness
*  Counterjet = Shadow

EHT2014

TDEC (ng2)

Page 21/41



.’I (pLas)

30 40 50 60 70

160

300

o 240

L] S

2 L O 20 =

o Spin direction . i -

w S 180 -

=] ')

- I\ -
120

60

High Mass

6 8 0 12 14 18 18 2

60 40 20 0 20 40 60 80 . 2
Z, (GM/c7)

ARA (pas)

EHT2014

Pirsa: 14110082 Page 22/41



160

~73° =3

240

. Sbin direction

ADEC (pas)

(5'zxl

120

60

High Mass

6 8 10 12 14 18 18 20
60 40 20 0 20 40 60 80

ARA (pas) z (GM/c7)
M87’s orientation can be reconstructed

from mm-VLBI alone!
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What is probably not injecting particles

Internal shocks

MHD turbulence

*  Accretion disk

EHT2014

Pirsa: 14110082 Page 26/41
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What is probably not injecting particles

Internal shocks

MHD turbulence
See Sasha

Tchekhovskoy’s talk!

*  Accretion disk
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See Kazunori
Akiyama’s talk!
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MS0735
Feedback X-ray-Optical-Radio

Evidence for event horizons!

(apparent horizons)

Black hole spin
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Pp~Fgas

AEB, Narayan, Kormendy, Perlman, Rieke in prep
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Black Hole
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AEB, Narayan, Kormendy, Perlman, Rieke in prep
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Black Hole
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AEB, Narayan, Kormendy, Perlman, Rieke in prep
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Black Hole

o 12 ~ Mpr2
Ljet ~ EjetMC Lsurf ~ Mc
Ejet ~ 2 > Ljet/Ejet
* Compact (r <)

* Steady state (t .. > GM/c?)
- Thermal!

AEB, Narayan, Kormendy, Perlman, Rieke in prep
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So, if:
* M87’s jet is EM-driven
* MB87 is in steady state

* The central object is
sufficiently compact

- A “surface’” in M87 has
been excluded at > 70!

- Joins Sgr A*!
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SUMMARY

Electromagnetically launched jets are highly successful at reproducing the
EHT observations of M87

Regardless of detailed dri | m, M87 has very high spin

Long synchrotron coolin | simplifications, and
implicate global jet fea relativistic particles (see
Tchekhovskoy’s talk!)

High and Low Mass mode 7 have substantively different
predictions for closure pha see Akiyama'’s talk!)

Validation of EM-launching models implicates an event (apparent)
horizon, making M87 the second source (Sgr A*) for which an explicit
argument can be made to date.
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